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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim I] The production method of the optical path for infrared radiation characterized by changing hydrogen concentration, 
a membranous refi-active index, and a membranous degree of hardness by preparing direct-current bias potential so that the 
potential of the electrode which laid substrate material may serve as negative in the method of producing an amorphous 
carbon thin film using an parallel monotonous type RF plasma CVD system, and adjusting this potential. 
[Claim 2] The production method of the optical path for infrared radiation characterized by producing the pattern with which 
hydrogen concentration, a membranous refractive index, and a membranous degree of hardness differ from each other by 
forming a pattern with the dielectric which has a dielectric constant which is different on the front face of one electrode in the 
method of producing an amorphous carbon thin film using an parallel monotonous type RF plasma CVD system. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] . . 

[Industrial Application] this invention relates to the production method of the optical path for mfrared radiation constituted by 

the carbon thin film. 

[0002] . M ^ 

[Description of the Prior Art] It is proposed as an optical integrated circuit at the end of the 1960s. Being conventionally used 
as an optical system for this arranges the light sources, such as laser and a lamp, a lens, a reflecting mirror, etc. on a surface 
plate, and it performs optical-path adjustment carefully. 

[0003] Therefore, the size of the optical system itself also becomes large inevitably, and possibility that a gap of the optical 
path by vibration or contact in other parts or a tool will occur simultaneously with it becomes large. It was the aim of this 
optical integrated circuit that integration like IC of silicon will be performed about these optical paths to it, and a 
miniaturization and advanced features will be attained. 

[0004] The thing using infrared radiation is infrared linear-light study equipment which makes representation infrared 
absorption-spectrometry equipment (it considers as IR analysis apparatus below) among optical equipments. In IR analysis 
apparatus as well as other optical measuring units, generally the optical path which used the lens, the reflecting mirror, etc. is 
prepared in the interior of equipment, and, naturally, vibration is disliked extremely. 

[0005] Moreover, as a trouble which IR analysis apparatus holds, there is a problem about the quality of the material of 
optical-system parts besides vibration. Generally the hygroscopic high matter represented by KBr as a transparent material in 
the wavelength field of infrared radiation must be extremely used for the prism and aperture of IR analysis apparatus. For this 
reason, very severe management is required for measurement of IR analysis apparatus, such as humidity control inside 
equipment, and storage environment. 

[0006] IR analysis apparatus has two troubles as mentioned above. That is, it is using high hygroscopicity matter, such as a 
weak thing and KBr, for vibration like other optical equipments. 

[0007] When the optical accumulation element for infrared radiation is used here, it becomes possible for the endurance over 
the vibration from the outside to improve by this, and to miniaturize equipment itself very much. It becomes possible to make 
the required area of KBr decrease sharply by that cause. Moreover, facilitation and a miniaturization of not only IR analysis 
apparatus but various infrared use technology are attained. 

[0008] ^ ^ . , 

[Problem(s) to be Solved by the Invention] However, the effective proposal is not made yet about the quality of the material 
which the present condition is only that the production technology of an optical accumulation element including infrared 
radiation is having started, and constitutes an element, or its production method. 

[0009] For example, although the various material of quartz glass or its compound is developed as an optical fiber, the 
optical-path material for infrared radiation which has low-loss nature in the wavelength whole region (you may be about 1 
micrometer - 1mm) generally made into the infrared field is not put in practical use, and an effective material is not obtained 
in the spectrum using infrared radiation in the optical-communication technology using the laser beam of the infrared field 
where the present utilization is expected. 

[0010] . u, r u • r 

[Objects of the Invention] this invention aims at offering how producing the optical path which was suitable for the optical 
circuit using infrared radiation using the amorphous silicon-carbide thin film. 

[Means for Solving the Problem] A hydrogen content is 5% or less, and this invention persons are sp3 of carbon. It is formed 
when combination exists at random, furthermore, from a transparent thing, the amorphous carbon (below diamond-like in this 
- referred to as carbon =DLC) thin film which has a degree of hardness very near a diamond in the above-mentioned infrared 
wavelength field light It found out that production of the good optical accumulation element for infrared radiation was 
possible by applying the production method of a semiconductor-material thin film, and forming an optical path or a diffraction 
grating by this DLC thin film, using a DLC thin film as a material of an infrared linear-light accumulation element. 
[0012] this invention forms the infrared linear-light waveguide (optical path) of the structure formed so that a DLC film with a 
high refractive index might be put with a low refractive-index DLC film using plasma CVD equipment, and presents the 
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fundamental production method of an optical accumulation element circuit and an optical accumulation element material. 
[0013] this invention is 1. How to form the DLC monolayer or multilayer from which bias potential is impressed to a substrate 
stage (electrode which laid substrate material) from the exterior, the acceleration to the direction of a substrate of the carbon 
ion generated in plasma by making it change while forming this impression bias potential is adjusted, and a refractive index 
differs by this only at one process. 

[0014] With Dielectric with which Specific Inductive Capacity Differs on Substrate Stage or Electrode Board Which 
Counters, 2. Optical-Path Section Pattern (High Dielectric Constant Material), By forming two kinds of patterns of a 
non-optical-path section pattern (low dielectric constant material), generating a discharge voltage difference by this 
optical-path section pattern and the non-optical-path section pattern, and this raising radical density in the optical-path section 
in the plasma near the substrate How to form the monolayer or multilayer which has the optical-path pattern constituted by 
DLC from which a low density film, i.e., a low refractive-index field, is formed in the non-optical-path section, and a 
refractive index differs according to the same effect as I . in a high-density film, i.e., a high refractive-index field, in the 
optical-path section at one process. 

[001 5] It is the production method of the optical path for infrared radiation constituted by using the technology of two ** 
independently or simultaneous. 

[0016] Hereafter, the above-mentioned this invention composition is explained further. 

[0017] As fundamental technology of an optical fiber, it is the optical path (called a core,) of a certain refractive index, 
refractive-index =n ~ carrying out - the field (called clad.) of a low refractive index [ optica! path / the ] By putting by 
refractive-index <n, what total reflection of the light is carried out in the interior of an optical path, and is transmitted is 
known. Therefore, it becomes possible to be able to form the optical path for infrared radiation by forming the 
above-mentioned core and clad using a transparent material in an infrared field, and to form the circuit of an infrared 
linear-light accumulation element using this. 

[0018] The ** type view of a core and the clad section is shown in drawini^ 1 . 101 is equivalent to the core section and 102 of 
the both sides is equivalent to the clad section. The relation of the size of the core section and the clad section is determined 
by target composition and required amount of lightwave signal transfer of equipment. As mentioned above, to the refractive 
index n of the core section, when the refractive index of the clad section is <n, the total internal reflection of a lightwave 
signal and propagation arise in the incore section. Especially, the refractive-index difference of a core and clad is made into 
1%, and when the distribution of a refractive index is changed gently and set up in the incore section, it is supposed that a 
good distributed property is acquired and an optical path with very sufficient propagation efficiency will be obtained. 
[0019] When it is going to form the optical path by DLC by the above reasons, it is necessary to adjust, while forming the 
refracrive index of a DLC thin film. This invention persons checked that the refractive index of a DLC thin film could be 
adjusted by adjusting the potential, forming DLC using the parallel monotonous type plasma CVD equipment which used the 
13.56MHz RF (general as industrial frequency), impressing bias potential to a substrate stage lateral electrode in that case, 
and using a substrate side as negative for this bias potential during membrane formation. Although the carbon ion generated in 
plasma can draw this near to a substrate side when a substrate side becomes a negative potential, it is because a difference 
arises against the acceleration to the direction of a substrate according to the potential of bias, DLC becomes high-density by 
placing of ion when it is high potential and high acceleration, and a refractive index is enabled to form a high DLC layer by 
this. 

[0020] Moreover, as for the permeability in the infrared field of a DLC film, the hydrogen content in the inside of a film is 
guaranteed to a low case. This is because absorption of infrared radiation arises when C-H combination is formed in the film. 
Through the experiment of this invention persons, if the hydrogen content in a film was below pentatomic %, it checked that it 
was convenient practically. Moreover, it is checked in the past that the hydrogen content in this film changes with the 
potentials of bias as well as a membranous refractive index. Therefore, as for the value of bias potential, it is desirable to be 
adjusted in the range in which hydrogen concentration does not exceed pentatomic %. However, this potential changes with 
the membrane formation method and experiment conditions. 

[0021] How to produce an optical-path pattern is explained below. Divide the DLC membrane formation using this plasma 
CVD equipment into several step story, and a clad layer is formed in the whole surface on a first-stage story. By the 
different-species dielectric materials from which a dielectric constant differs greatly with sufficient thickness (preferably 
1mm) on a counterelectrode side front face or a substrate stage in the second phase (the difference of specific inductive 
capacity is 2.5 to 3.5 or more), an optical-path section pattern (high dielectric constant material). Two kinds of patterns of a 
non-optical-path section pattern (low dielectric constant material) are formed, a substrate is installed on it, and the 
optical-path section (core section) and non-**** (clad section) are formed. That is, with the dielectric constant on a 
counterelectrode side front face or the rear face of a substrate, a capacity difference arises locally, and in addition to 
formation of the refractive- index difference by the bias potential described in the top, patterning production of the 
optical-path section and the non-optical-path section can perform easily, and, moreover, becomes producible at 1 time of a 
process. A clad layer is formed in the whole surface as the 3rd phase, and the optical path for infrared radiation is completed. 
An example explains this invention below. 
[0022] 

[Example] DLC which needs this example for the optical accumulation element for infrared radiation according to DLC using 
an parallel monotonous type RF plasma CVD system and from which a refractive index diflfers ~ production of a member is 
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tried Plasma CVD equipment is shown in drawing^ . Equipment consists of two reaction chambers which have a separate 
exhaust air system (5), (1 1), a gas supply system (6), and (13), and uses the electrode board made from SUS3 16 by both (3) a 
(2) and grounding potential side a power supply side in the first reaction chamber (7). In the second reaction chamber (14), a 
dielectric (15) and (16) are installed in a grounding potential lateral-electrode board (12), and (2) is an electrode board made 
from SUS316 a power supply side. All the sizes of an electrode board are phi 1 00mm. Simple-tissue membrane formation and 
optical-path pattern membrane formation can be performed by installing a substrate (1), moving the power supply 
lateral-electrode board (2) which connected RF-generator equipment (9) and the DC-power-suppiy equipment for bias 
potential impression (10) through the gate valve (8) which separates the 1st reaction chamber and the 2nd reaction chamber 
completely, and forming membranes separately in each reaction chamber, without being accompanied by air opening. 
[0023] When forming membranes using such plasma CVD equipment, it is known by the power unit installation lateral 
electrode that an electronegative potential (self-bias) will arise according to injection power. Since this self-bias draws ion 
automatically, ion implantation may produce it during membrane formation. In order to dislike the damage accompanying 
placing of this ion depending on the candidate for membrane formation, let a grounding potential side be a substrate stage in 
many cases with this parallel monotonous type plasma CVD equipment. It aims at control of the improvement in density by 
ion implantation, and a refractive index this time. Therefore, in this invention, the substrate was put on the power unit 
installation lateral electrode, further, DC power supply (constant voltage) were installed in the power supply lateral electrode, 
as shown in drawing, and external regulation of bias potential was performed. 

[0024] Material gas used CH4 20 ccm+H2 40ccm. In addition, you may use C2 H6 grade various hydrocarbon gas or an 
evaporation methanol. Supply of gas let the interior of an earth side electrode board pass, and was performed in the form 
which blows off from the hole established in this earth side electrode front face in the direction of a substrate, and the gas 
concentration inside a parallel pole was equalized as much as possible. 

[0025] A substrate can use broad material, such as organic-material substrates, such as metallic-material substrates, such as 
semiconductor substrates, such as a silicon single crystal, and molybdenum, various glass substrates, and plastics. If especially 
adhesion is made into a problem, use of an organic-material substrate will be effective. At this example, the cheap Pyrex-glass 
substrate (50mmx50mm) was used by the check of basic structure. 

[0026] The temperature of a substrate measured the temperature on the rear face of a substrate with the thermocouple installed 
in the front face of a substrate stage (= electrode board). Although especially heating is omitted to the substrate during 
membrane formation, it is possible that the temperature gradient has arisen with the substrate front face which touches plasma, 
and the rear face near a room temperature. By preliminary experiment, the temperature gradient of the front face and rear face 
under plasma electric discharge was measured, during membrane formation, it carried out to the numeric value at origin, and 
substrate temperature was predicted. 

[0027] Hereafter, the flow chart of drawing 3 indicates a production procedure. A first-stage story is formation of a lower clad 
layer ( drawing 3 -A). Before CH4 20 ccm+H2 40ccm and membrane formation, material gas carries out vacuum length of the 
interior of a reaction chamber at 5x10 to 3 Pa, and introduces reactant gas after that. The reaction pressure under membrane 
formation sets to 20Pa, checks stability by this pressure, switches on RF power lOOW, and starts electric discharge. It checked 
that the substrate temperature at this time was not over 1 00 degrees C. 

[0028] After checking the stability (on appearance) of plasma, DC-bias voltage is impressed. Polarity made the substrate stage 
side negative and set applied voltage to lOOV. It is the meaning of impressing this to the self-bias (about -180 V) 
accompanying the injection of RF power further. Therefore, a substrate stage will draw the ion in plasma near with the 
potential of -280V. Therefore, the ion which reaches to a substrate (1) front face has high kinetic energy. 
[0029] This invention persons are the researches done in the past, and are checking the bird clapper as it is possible to control 
the hydrogen concentration in a film of the DLC film obtained by impressing this DC-bias voltage from the outside, a degree 
of hardness, and a refractive index. Dehydrogenation advanced by the energy in the case of ion implantation, and this 
invention persons have considered this phenomenon exactly that membranous hardness and membranous density (= refractive 
index) improve according to a sputtering analogous phenomenon by ion implantation. However, this DC-bias impression 
effect is considered inside membranous to be proportional to DC-bias potential for the size of this internal stress with 
accumulation of compression internal stress. You should determine the DC-bias potential impressed as a light-corpuscle child 
from ideal hydrogen concentration, a degree of hardness, a refractive index, and the size of the internal stress to generate. 
[0030] In the first-stage story, the DLC thin film (20) whose thickness is about 4 micrometers was produced by membrane 
formation of 2 hours. The DLC film (20) in this first-stage story serves as a lower clad layer of an optical accumulation 
element. When membraneous quality was evaluated, in the film, the hydrogen of about three to 4 atom % was contained from 
the hydrogen density measurement in the film using SIMS. Moreover, measurement of a visible-ultraviolet spectrum to the 
refractive index was about 1.80. 

[003 1 ] The second continuing phase formed the portion equivalent to a core ( drawing 3 -B). It is one of the features of this 
invention to form the optical path (22) which forms this core portion without performing masking out of a reaction chamber 
etc. especially. It is also possible to once break a vacuum system, of course and to constitute an optical path with masking 
using the usual resist etc. However, it is thought that the air cleanliness class of the grade of this invention is not expectable. 
[0032] Vacuum length of the interior of a reaction chamber is again carried out after the membrane formation end of a 
first-stage story at 5x10 to 3 Pa. The substrate stage (2) which equipped with the sample substrate (1) at this time is located in 
the first reaction chamber (7) of plant layout drawing shown in drawing 2 . A gate valve is closed after conveying a substrate 
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(1) and a substrate stage (2) to the second reaction chamber (14) which is in the same high-vacuum state of 5x10 to 3 Pa as 

the pressure inside the 1st reaction chamber from the first reaction chamber (7) via the gate valve (8). Inside the second 
reaction chamber (14), the optical path (15) and the non-optical-path (16) pattern are formed in the grounding-electrode (12) 
front face of dielectric materials with a thickness of I mm from which specific inductive capacity differs. 
[0033] By using an alumina in an optical-path pattern (15), specific inductive capacity was set to 8.5 and set to 3.8 in the 
non-optical-path pattern (16) using the quartz board. In this example, the alumina board with a width of face [ of 5mm ] and a 
length of 60mm was formed in the center of a grounding-electrode front face. Thus, by establishing the difference of a local 
dielectric constant, an inter-electrode capacity will be made to produce a partial difference, radical density in the inside of 
plasma will be made high in an alumina portion, the same effect as the time of impressing a DC bias exactly on an alumina 
and the sample substrate which counters will occur, the hydrogen concentration of this portion will fall, and a degree of 
hardness and a refractive index will improve. 

[0034] By countering with the dielectric (15) on the front face of a grounding electrode (12), and (16), the substrate (I) and 
substrate stage (2) which were conveyed can form an optical path with a high refractive index, without carrying out 
patterning. It is reported by by forming the refractive-index inclination to which it has a peak in the core of an optical path in 
research of an optical fiber, and the peak does not exceed the refractive index of clad 1% or more here although this core 
production aims at forming the optical accumulation element excellent in the distributed property and the propagation 
property which does not have signal distortion by adjusting bias impression potential that it can be attained. Therefore, bias 
impression potential is adjusted so that refractive-index inclination may be formed, and it needs to be impressed also here. 
[0035] Fundamental membrane formation conditions are the same as a first-stage story. Before membrane formation, it 
supplies RF power lOOW, introducing after that material gas CH4 20 ccm+H2 40ccm (13), and using [ carry out vacuum 
length of the interior of a reaction chamber (14) at 5x10 to 3 Pa, ] reaction pressure as 20Pa, and DC-bias potential is 
impressed for electric discharge a start and after that. Substrate temperature was about 100 degrees C. It starts from the -lOOV 
[ same ] as the time of lower clad layer (20) membrane formation, and this bias impression changes potential to - 1 1 8V at a 
rate of -3.6 V/min, and is recovered to -lOOV at a rate of +3.6 V/min. Therefore, although the membrane formation time for 
about 50 minutes came, thereby, about 1 .9-micrometer DLC thin film was obtained in the core section (22) about 1 .8 
micrometers, the clad section (21), and (23). At SIMS, although the hydrogen concentration in a film is considered that about 
4.3 atom % is contained below about 3 atom % in the core section (22) the clad section (21) and (23), if it is clear, there is. 
no ] In the result when forming membranes on the same conditions about a refractive index, and setting DC-bias potential to 
-1 18V, since it was about 1 .82-1 .84, this was made into the standard about the refractive index in the core section. 
[0036] Although refractive-index inclination was established only in the direction of thickness here, it cannot be 
overemphasized that the refractive-index inclination of the direction of a flat surface of a DLC film, especially the core 
section may be changed gradually or continuously by changing gradually or continuously the dielectric constant of the 
dielectric prepared in the grounding-electrode front face in the direction of a flat surface. 

[0037] The up clad layer (24) was formed in the third phase ( drawing 3 -C). Besides, a substrate (1) and a substrate stage (2) 
are returned to the first reaction chamber (7) also about the section clad stratification, and membranes are formed in the 
grounding electrode (3) of a uniform potential front face. Membrane formation conditions are completely the same as that of 
membrane formation of a lower clad layer (20), carry out vacuum length of the interior of a reaction chamber (7) first at 5x10 
to 3 Pa, check that introduction (6) and reaction pressure have changed after that CH4 20 ccm+H2 40ccm with 20Pa, switch 
on RF power lOOW, and start electric discharge. DC-bias voltage is impressed to a substrate electrode-holder side -lOOV after 
that. Together with self-bias, the potential of a substrate (1) and a substrate electrode holder (2) is set to -280V. It holds in this 
state for 2 hours, and about 4-micrometer up clad layer (24) is formed. Similarly substrate temperature was about 100 degrees 
C. 

[0038] The optical accumulation element obtained as mentioned above was evaluated. When it thought that evaluation of 
leakage of the infrared permeability, i.e., the infrared radiation of each clad section (20), (21), (23), and (24), in the core 
section (22) was important for evaluation, and the core section (22) end face was irradiated and the bolometer compared the 
carbon dioxide laser, except the back end portion, it completely became clear to have not generated disclosure of an infrared 
linear light. 
[0039] 

[Effect of the Invention] It was able to become possible to form the optical path which was suitable for infrared radiation with 
this invention, and production of the optical accumulation element for infrared radiation was able to be enabled. Moreover, by 
this invention, formation of the DLC thin film from which a refractive index differs, and the laminating were performed 
freely, without breaking a vacuum system (high-vacuum state) with masking, and formation of the optical path of arbitrary 
patterns was attained. That is, it became possible to control freely the hydrogen concentration of the DLC thin film formed, a 
refractive index, and a degree of hardness in the direction of thickness, and the direction of a flat surface. This optical-path 
production method is widely [ not only an optical accumulation element but ] applicable to formation of a semiconductor 
device. 



[Translation done.] 



